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RESEARCH OBJECTIVES

One of the main objectives of geophysical inversion is to
describe various subsurface processes involving fluid flow.
Hydrological properties such as fluid electrical conductivity
and rock porosity cannot be directly obtained with conven-
tional inversion techniques. The electromagnetic (EM) field
propagating in the subsurface is a function of bulk conductiv-
ity, which in turn may be empirically related to porosity, pore-
fluid conductivity, saturation, and occasionally the tempera-
ture. Similarly, the amplitude, phase, and velocity of seismic
waves depend on several factors (such as porosity, density,
elastic constants, temperature, and pressure). The objective of
this study was to develop methodologies for directly mapping
hydrological parameters using joint analysis of different geo-
physical data, along with the empirical relationships between
geophysical and hydrological parameters.

APPROACH

To assess the feasibility of deriving hydrological properties
directly, we introduced a joint-inversion technique using elec-
tromagnetic (EM) and seismic travel-time data (Tseng and Lee,
2001). Because of the limited capability inherent to the inver-
sion techniques used, we decided to investigate advanced
inversion schemes for the improved joint inversion. Most of
the EM inversion studies in the literature involve full wave-
form, but there is a lack of similar studies in the seismic area.
Full-waveform inversion of seismic data is difficult, partly
because of the lack of precise knowledge about the source.
Since currently available approaches involve some form of
source approximation, inversion results are subject to the qual-
ity and choice of the source information used.

ACCOMPLISHMENTS

A new full-waveform inversion scheme has been developed
in this research program, exploiting the useful property of the
normalized wavefield. A gather of seismic traces was first
Fourier-transformed into the frequency domain, and a normal-
ized wavefield was obtained for each trace in the frequency
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domain. Normalization was done with respect to the frequency
response of a reference trace selected from the gather. The
source spectrum was eliminated during the normalization pro-
cedure. With its source spectrum eliminated, the normalized
wavefield allowed us to construct an inversion algorithm with-
out the source information. The inversion algorithm minimized
misfits between the measured normalized wavefield and the
numerically computed normalized wavefield.

The validity of the scheme has been successfully demon-
strated using a simple 2-D synthetic model (Lee and Kim,
2003).

SIGNIFICANCE OF FINDINGS

Normalized wavefields depend, for a given source, only on
the subsurface model and the position of the source, and are
independent of the source spectrum by construction. The sig-
nificance of this is that full-waveform inversion of seismic data
can be achieved without the source information. With the new
method, potential inversion errors caused by source estima-
tion (required by conventional full-waveform inversion meth-
ods) can be eliminated.
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